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Context: Global Software Engineering (GSE) continues to experience substantial growth and is fundamen-
tally different to collocated development. As a result, software managers have a pressing need for support
in how to successfully manage teams in a global environment. Unfortunately, de facto process frame-
works such as the Capability Maturity Model Integration (CMMI) do not explicitly cater for the complex
and changing needs of global software management.
Objective: To develop a Global Teaming (GT) process area to address specific problems relating to tempo-
ral, cultural, geographic and linguistic distance which will meet the complex and changing needs of
global software management.
Method: We carried out three in-depth case studies of GSE within industry from 1999 to 2007. To
supplement these studies we conducted three literature reviews. This allowed us to identify factors
which are important to GSE. Based on a gap analysis between these GSE factors and the CMMI, we devel-
oped the GT process area. Finally, the literature and our empirical data were used to identify threats to
software projects if these processes are not implemented.
Results: Our new GT process area brings together practices drawn from the GSE literature and our previ-
ous empirical work, including many socio-technical factors important to global software development.
The GT process area presented in this paper encompasses recommended practices that can be used inde-
pendently or with existing models. We found that if managers are not proactive in implementing new GT
practices they are putting their projects under threat of failure. We therefore include a list of threats that
if ignored could have an adverse effect on an organization’s competitive advantage, employee satisfac-
tion, timescales, and software quality.
Conclusion: The GT process area and associated threats presented in this paper provides both a guide and
motivation for software managers to better understand how to manage technical talent across the globe.
 2012 Published by Elsevier B.V.4761
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731. Introduction
In today’s global economy, increasing numbers of software
engineers are expected to operate in a distributed environment
[1]. In this environment, geographical distance introduces physical
separation between teammembers and management [2], temporal
distance hinders and limits opportunities for direct contact and
cooperation [3], and cultural distance negatively impacts on the
level of understanding and appreciation of the activities and efforts
of remote colleagues and teams [4,5]. The lack of a common native
language, or linguistic distance, creates further barriers to
communication [1,6,7]. These distances culminate in global dis-
tance, which is commonly experienced in Global Software74
Elsevier B.V.
hardson), Val.Casey@dkit.ie
, John.Burton@vitalograph.ie
et al., A Process Framework forEngineering (GSE)1 environments. This results in GSE having com-
plexities over and above those experienced in local, collocated,
software development [1,8–10]. Our previous research recognized
the importance of explicitly defined processes for GSE [11], and we
argue that, given the substantial growth and associated complexities
of GSE, it is important that process models are developed to support
GSE. Therefore, we have developed a specific process area, Global
Teaming (GT). GT establishes goals and sub-practices specific to
GSE, thus presenting a process view of Global Software Engineering
for use by project managers. Taking the basic structure of the Capa-
bility Maturity Model Integration (CMMI) [12], we augment it with
new factors found to be important in setting up global software
development teams [8–10,13,14]. The Global Teaming process area
aims to support GSE implementation.1 A variety of terms exist: Distributed Software Development (DSD), Global
Software Development (GSD), or Global Software Engineering (GSE). We will use the
term GSE in this paper.
Global Software Engineering Teams, Inform. Softw. Technol. (2012), http://
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Fig. 1. Methodology used to develop the Global Teaming Model and related Threats.
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25 May 2012When carrying out our study, we also identified threats to the
software project if GT processes are not implemented. We view
threats broadly in terms of known and unforeseen factors that
are likely to lead to project failure. In the same way as Bannerman
[15], we portray threats in a broader context of vulnerability than
is currently associated with risk management. Threats can be
viewed as factors that prevent an organization from capitalising
on the opportunities offered by successful GSE. Risk is closely asso-
ciated to threat, as risk is basically the cost (or impact) of a threat
and the probability of this threat happening [16].
We extend our previous work [17] by highlighting threats to
successful GSD if organizations ignore the need to adapt their
current processes to fit their new circumstances. The GT model de-
tailed in this paper builds on Richardson et al. [17] to present a
holistic view of the problems, solutions and threats to GSE. The
underlying premise of the original GT model provided a spring-
board for our other related work such as barriers and solutions
to GSD (which we worked on in parallel to this publication) [18],
and has been adapted to reflect GSE practices specific to architec-
tural knowledge management [19]. The previous presentation of
the model was in the form of written lists or practices. In this study
we explain how the practices were developed, and pull all prac-
tices together in one graphical model that should be easier to fol-
low. We are also in the process of developing a decision support
system based on practices detailed in the GT Model [20] .
This paper is organized as follows. In Section 2 we provide a
brief background to Global Software Engineering (GSE), Global
Teams and process support. In Section 3 we report how we col-
lected data on GSE factors through empirical studies and literature
reviews; Potential threats faced if the GT processes are not imple-
mented in practice are covered in Section 4. Section 5 presents our
gap analysis that underpins the development of the Global Team-
ing (GT) Process area presented in Section 6. Section 7 concludes
the paper. Fig. 1 shows the relationship between Sections 3–6.144
145
146
147
1482. Global Software Engineering
The growth of GSE in recent years means that many software
engineers are required to collaborate over geographical, temporal,Please cite this article in press as: I. Richardson et al., A Process Framework for
dx.doi.org/10.1016/j.infsof.2012.05.002cultural and linguistic distance, collectively termed ‘global dis-
tance’ [1,2,7,21,22]. The tremendous take-up of GSE has gone
hand-in-hand with technical communication advances such as
the Internet, increased use of e-mail and instant messaging, and
inexpensive international telecommunication [23]. In addition,
the availability of highly skilled software engineers in low cost
locations such as Eastern Europe, Latin America and the Far East
[24], coupled with the desire to cut costs and take advantage of
establishing operations close to emerging markets, have all con-
tributed to more and more organizations selecting this strategy.
In some cases, application development and maintenance have
been outsourced to remote third party organizations. In others,
organizations have set up subsidiaries in low cost economies and
off-shored part or all of their software development to these loca-
tions [6,25].2.1. Global Teams
The global team is described as the core building block of the
global organization [26–28]. A traditional team is defined as a
social group of individuals who are collocated and interdependent
in their tasks. The group undertakes and coordinates their activi-
ties to achieve common goals and share responsibility for
outcomes [29]. Global teams have the same goals and objectives
as traditional teams and interact through interdependent tasks,
but operate across time, geographical location and organizational
boundaries linked by communication technologies [30]. They often
operate in a multicultural and multilingual environment which
may cross organizational boundaries [31]. Communication
between global team members is normally electronic and asyn-
chronous with limited opportunities for synchronous contact
[30]. The team may function on a permanent or temporary basis
contingent on the demands of the business environment in which
it is operating. The team’s overall objective is to function as a single
team, with the same goals as if they were collocated.
The implementation of a global team strategy can simply be a
cost-based decision. For example costs can be reduced by combin-
ing the technical skills and experience of staff located in a high-
cost centre with engineers in a low-cost location. If the goal is aGlobal Software Engineering Teams, Inform. Softw. Technol. (2012), http://
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Table 1
Studies used to investigate important factors in GSE.
Characteristics Study 1 Study 2 Study 3
Type of Organization Small to Medium Sized Enterprise (SME)
based in Ireland
US Multinational and
SME based in Ireland.
Irish division of US Multinational
operating in Ireland >20 years
Application area Financial and Telecommunication SW Bespoke financial software Software testing
Global Team Distance Local (offsite) Offshore/near-shore Offshore
Outsourcing
from
Ireland (Dublin) USA development and maintenance US
Ireland
Outsourcing
destination
Ireland (150 miles from Dublin) Ireland Ireland
Malaysia
Reason for GSE Leverage staff at both locations; capitalize
on cost advantage offered
Leverage domain expertise of US staff
with technical and cost advantage of
Irish staff
Leverage technical ability of Irish staff
with competitive salary levels of
Malaysian test engineers
I. Richardson et al. / Information and Software Technology xxx (2012) xxx–xxx 3
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25 May 2012short-term strategy, then GSE may be used simply as a knowledge
transfer exercise. If, on the other hand, making use of GSE benefits
is a long-term objective, sustained support will be required for
teammembers at all locations. The reason for choosing a particular
country to offshore to can also be based on their local knowledge or
proximity to the customer base [32].
‘‘Globally distributed projects involve two or more teams
working together from different geographical locations to accom-
plish common project goals’’ [33]. While the term ‘distributed
team’ simply states the geographical location of the team mem-
bers in the same organization, the important difference between
a ‘global team’ and a ‘distributed team’ depends on the interde-
pendence of tasks. All teams working across geographic bound-
aries are considered ‘distributed’. However, it is possible to have
a team which is geographically distributed, but where the work
has been partitioned in such a manner that there is no interde-
pendence of tasks between team members. In these circumstances
this team is distributed, but not global [34]. In this study, we are
proposing a global teaming process for ‘global teams’ where there
is clear interdependence of tasks between team members at all
locations.218
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2432.2. Process support in GSE
The idea of increasing productivity and quality through im-
proved individual processes originated in manufacturing and the
work of Shewhart [35] in the 1930s. Shewhart’s continuous view
of process improvement was later adopted by Deming who ap-
plied his ‘‘Plan Do Check Act’’ cycle and statistical controls in both
Japan and the USA in the 1980s [36]. Humphrey [37] adapted
these ideas to software development and defines software process
as ‘‘the set of tools, methods and practices we use to produce a
software product’’. Paulk et al. [38] expand this definition to ‘‘a
set of activities, methods, practices and transformations that peo-
ple use to develop and maintain software and the associated
products’’. Organizations improve their software processes to im-
prove the quality of their product. While some argue that imple-
menting planned processes decrease the efficiency of the software
development process [39–41] there is counter evidence that
implementing planned processes can increase productivity and
efficiency [42–46]. Although there are valid reasons for not imple-
menting planned process models, we argue that there are efficien-
cies to be gained in doing so, and, in particular, there are markets
which require planned processes to be in place. For example, a
recommended practice in Rottman and Lacity [47] is that when
off-shoring work, the GSE organization should become CMMI
certified as ‘‘the best way to extract value from the supplier’s
CMM/CMMI processes’’. Furthermore, domains such as the medi-
cal device industry must comply with the guidelines and stan-
dards of the medical device regulatory bodies (e.g. Food andPlease cite this article in press as: I. Richardson et al., A Process Framework for
dx.doi.org/10.1016/j.infsof.2012.05.002Drugs Administration in USA) and require evidence that defined
processes have been adopted.
While the CMMI for Development (CMMI-DEV) [12] process
model can operate successfully in local environments, it does not
explicitly address the impact of GSE factors [48], especially relating
to the socio-technical complexities [1,9,10]. This is supported by
Prikladnicki et al. [49] who state that many GSE studies mention
the need for Distributed Software Development (DSD) process
models with specific DSD practices. The work of Ramasubbu
et al. [50] also established that key processes for GSE are not spe-
cifically addressed in existing process models.
Although there is an increasing trend towards adapting and cus-
tomising the CMMI to different domains [51], there is a lack of
guidance as to how to conduct such specializations in a systematic
way [51]. We therefore need to explore whether the CMMI struc-
ture would support the specialization of processes important to
GSD.
These findings lead us to ask two linked research questions:
Research Question 1: ‘‘What are the threats faced by global soft-
ware project teams if they do not implement GSE processes cor-
rectly?’’ and
Research Question 2: ‘‘Can our Global Teaming research be inte-
grated in the CMMI model?’’
These questions build directly on our previous work. In 1999,
we were asked by industry to help identify why their GSE teams
were not working as effectively and efficiently as they expected.
In our initial interviews with those managing GSE teams (see Table
1), we established that GSE was being mainly implemented due to
cost-cutting requirements, and that such implementations were
unsatisfactory from a software engineering perspective [52,53].
As a result of this initial investigation, we commenced three longi-
tudinal studies which combined industrial empirical studies with
literature reviews.
The results of these studies have been widely published over
the years, e.g. [5,9,54,55]. However, in this paper we bring all
the findings together as one integrated model of Global Teaming
practices to meet the growing needs of development teams oper-
ating in a global environment. Although an initial version of Glo-
bal Teaming was published in [17], the version presented in this
paper has been re-structured and improved based on feedback
from industry and further analysis of the literature. Also, the
threats identified in Section 4 provide a new dimension to our
study.3. Identification of GSE Factors
This section presents our empirical studies and literature re-
views that established factors which should be taken into account
when implementing GSE.Global Software Engineering Teams, Inform. Softw. Technol. (2012), http://
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We conducted three contrasting empirical studies from 1999 to
2007 (summarized in Table 1). The first case involved local global
teams, i.e. geographically distributed within the same country
and organization [54]. In the second study, the organization
employed offshore/near-shore2 global teams (involving geographi-
cal and temporal distance across continents) [56,57]. The third study
examined off-shore global teams (involving geographical, linguistic,
cultural and temporal distance where global team work for the same
organization) [48,54,55].
We used an action research approach [58] and a grounded the-
ory approach [59] for data gathering and data analysis. Action
research was carried out through the direct intervention of a re-
searcher who in this case was operating as part of the team in a
management position. These structured approaches allowed us to
leverage research opportunities and maintain a level of objectivity,
resulting in the identification of factors and threats for GSE. The
team involved in this research is composed of people with prior
relevant industrial experience including one certified CMM asses-
sor. All authors have been involved in GSE research for many years.
A key outcome from our three independent empirical studies
was the commonality of our findings. These were reinforced by
the use of an inductive research methodology where efforts were
taken to ensure our previous findings did not influence our subse-
quent studies. When common factors were identified these were
extensively explored for alternative explanations and to gain a
greater insight into the problems encountered. In this way our
GSE factors were identified and analysed. (Section 3.3 explains
these factors in detail).333
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3633.2. GSE Literature Review
An extensive literature review was undertaken for each of the
three independent studies. The first study was undertaken in
1999 and extensive use was made of the University of Limerick’s
library and catalogue. The initial focus was on identifying books,
journals and conference proceedings which dealt with the topics
of managing software projects, information systems development,
distributed software development, global software development,
global software teams and computer supported cooperative work.
These topics were also utilized as keywords to search manual and
online database systems such as the IEEEXplore digital library and
the ACM digital library.
When relevant publications were identified they were reviewed
and sorted into themes and chronological order. In this way key
themes and their development were identified. The analysis of
the literature also allowed potential gaps in research to be recog-
nized and explored. The references in each publication were also
used as a source of discovering additional material. Relevant jour-
nals identified included Communications of the ACM, IEEE Software,
the Information Systems Journal, and IEEE Transactions on Engineer-
ing Management. Relevant conferences which emerged included
the Hawaii International Conference on System Sciences, the
International Conference on Information Systems, and the European
Conference on Computer Supported Cooperative Work, and the Inter-
national Conference on Software Engineering.
The second independent study took place in 2001 and a similar
structured approach was implemented. The literature review from
the first study was extended and updated to meet the specific
requirements of this study. In particular, the search topics and
keywords were extended to include specific aspects of project364
365
366
2 The US and Irish based sites are considered linguistically and culturally close or
‘near-shore’ [56,57].
Please cite this article in press as: I. Richardson et al., A Process Framework for
dx.doi.org/10.1016/j.infsof.2012.05.002management, communication, cooperation, motivation, culture,
fear, team work, management and organizational theory.
The third independent study took place over a 5 year period
from 2002 to 2007. A further literature review was undertaken,
building on the previous two literature reviews. These were con-
solidated and extensively expanded with 1500 additional publica-
tions identified and evaluated. Of these 300 were considered of
particular relevance. This literature allowed the identification and
augmentation of specific themes and they were then sorted in
chronological order. To identify these publications extensive use
was made of manual and online database systems. These included
the IEEEXplore digital library, the ACM digital library, Science Direct,
Springer online, CiteSeer, Emerald and Wiley Interscience. The key-
words outlined in the first and second studies were re-evaluated
and expanded and these were utilized to search these systems.
Numerous conferences and workshop proceedings were also
reviewed. As well as those already mentioned, these included the
IEEE International Conference on Global Software Engineering,
the International Workshop on Global Software Development, the
European Software Process Improvement Conference and the
International Workshop on Distributed Software Development.
What emerged from this analysis was a comprehensive and rele-
vant literature review which was used extensively to support the
third case study.
Our literature review identified many GSE related factors, which
helped to identify practices included in our GT Model. However,
while many of the practices in the GT Model will remain relevant
and useful to organizations engaged in GSE over time, as GSE is a
growth area, and the corresponding published research is also
expanding, it could be that some of our recommendations will
change in the future.
3.3. GSE Factors Identified
Findings from our empirical case study research and literature
reviews led to the identification of several GSE factors. In this sec-
tion we list some of these key factors.
Effective software project management in a single location is a
complex endeavour [60]. There is the need to be an arbitrator
between diverse stakeholders with different expectations and
agendas, to manage the operation of the team effectively within
the constraints of available resources, both financial and techno-
logical, and to manage the available personnel and technical
capabilities. Therefore, successful software project management
is a difficult undertaking which can only be achieved through the
effective planning, organizing, staffing, leading, controlling, coordi-
nating and day-to-day management of the project.
Software project management becomes even more complex in a
globally distributed environment [61,62]. In addition to the effec-
tive organization and management of collocated teams and pro-
jects, there are additional factors which emanate directly from
the operation of geographically distributed global teams and their
related projects. As stated by Paré and Dubé, ‘‘The complex, usually
uncertain, and highly interdependent nature of project tasks, together
withgeographical, temporal, structural and cultural gaps fundamental
to distributed teams, make management of virtual projects a relatively
complex undertaking’’ [62].
As shown in Fig. 2, global distance, which includes geographical,
temporal, cultural and linguistic distance, introduces barriers and
complexity into the GSE team environment. Effective coordination,
visibility, communication and cooperation between locations are
essential in a GSE team [2,63], but these are negatively impacted
by global distance. Improving coordination, visibility, communica-
tion and cooperation can help to reduce the barriers and complex-
ities. Such improvements must be accomplished under the
financial and technical constraints of the project and with teamGlobal Software Engineering Teams, Inform. Softw. Technol. (2012), http://
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Fig. 2. Global Software Engineering Team Environment [55].
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25 May 2012members from geographically dispersed groups. Ultimately, this is
not an easy task, and our research has demonstrated that many
other factors come into play during the implementation of global
projects [9,48,54,55,57,64]. The full list of 25 factors identified in
our case studies and literature reviews are listed in Table 2. We ex-
pand on some of these factors in this section, and provide full
descriptions of all 25 factors in the Appendix.
While some of the non-technical factors noted in Table 2 have
been recognized previously (e.g. communication, risk manage-
ment), additional social factors, such as fear and its negative
impact on trust emerged from our research [9,54], and are now
more widely recognized as important to GSE [53].
Project Management challenges include promoting socializing
processes to support globally distributed collaboration [33]. Re-
search by Smite and Borzovs [65,66] shows that, in practice, the
variety of collaboration models can be substantial – they identified
19 different models looking only at four life-cycle processes. For
example, development may be undertaken in one country’s group,
with systems analysis, design and testing undertaken in another
country. Alternatively some processes may be ‘shared’ – for
example design and coding could be performed at both locations.
Therefore, in practice, organizations are shown to distribute
responsibilities across remote sites. Smite and Borzovs [66] define
these as either ‘joint collaboration’, requiring investments in team
building, or ‘independent collaboration’, requiring investments in
knowledge management and transfer. Each model requires a level
of socialization to succeed, and recommendations include face-to-
face meetings to enable teams to share norms, attitudes and
behaviours [33].
GSE is not without its inherent business related risks [61,67].
This has particular relevance when organizational boundaries are
crossed. For example, aspects of a software application may
provide competitive advantage to the organization that is having
it developed [61]. In this case, they may not wish to grant an
outside organization access to such information, even when tem-
porarily partnered with them. To prevent this, a global team strat-
egy can be employed to allow the partitioning of development
across sites. The activities that need to remain confidential are
undertaken by the organization’s own global team members,
whereas related activities are undertaken by external remote team
colleagues. There are many effective ways to partition tasks, whereTable 2
Global Software Engineering Factors.
Communication Skills Management Languag
Communication Tools Knowledge Transfer Motivati
Temporal Issues Define Roles and Responsibilities Technica
Effective Partitioning Team Selection Coordina
Project Management Risk Management Cooperat
Please cite this article in press as: I. Richardson et al., A Process Framework for
dx.doi.org/10.1016/j.infsof.2012.05.002most would fit into three main classes: modularization, phase-
based and integrated. Component based distribution of tasks offers
flexibility in terms of task ownership, inter-site communication,
collaboration and knowledge sharing [68].
An important outcome to emerge from our studies was the
compounding impact of the GSE factors listed in Table 2. For exam-
ple, fear emerged as a serious problem in each of the studies. In
case study one, the direct impact of fear was a breakdown in com-
munication, cooperation, knowledge transfer, motivation and trust.
In addition, each of these factors compounded each other. The lack
of communication was a barrier to the development of cooperation
and therefore inhibited knowledge transfer. This had a negative
impact on the motivation of the offsite teammembers and resulted
in the lack of trust between locations, fostering the development of
a ‘‘them and us culture’’ and adding to the level of fear, which
further hindered communication and cooperation. The ultimate
outcome was the total failure of the project and the dropping of
the offsite strategy.
In case study two, as a result of their fear of losing jobs, email
was used as a weapon by local team members to attack their re-
mote colleagues. Any problems that were caused by the remote
team members were highlighted to senior management. Once this
practice had been established the remote team members recipro-
cated in a similar manner. Cultural differences came to the fore
and team relationships and trust broke down. Rather than cooper-
ating, team members actively sought to undermine and obstruct
each other. This further inhibited communication and cooperation.
It also polarized cultural differences which added to the level of
fear and mistrust experienced by team members in both locations.
This outcome was all the more surprising given that the team
members had successfully worked together when they were collo-
cated in the US for over a year.
In the third case study, many negative issues associated with
GSE came into play. Fear inhibited communication between the
off shoring location and the remote site. Extensive communication
tools were provided, but they were not utilized and contact was
limited to email. Cultural differences were misunderstood and
helped to reinforce mistrust and fear. Remote colleagues were slow
to communicate, using distance strategically to minimize informa-
tion flow, which further hindered the development of cooperation.
Very little knowledge transfer took place. Limited face-to-face con-
tact led to cultural misunderstandings also resulting in additional
fear and mistrust. The result was that the projects failed.
While fear was an important factor to emerge from our studies;
it is only one of the 25 GSE factors identified. We observed in case
study two, that once these factors were recognized, they can be
successfully addressed. For example, fear was tackled along with
the additional contributing factors through the provision of team
building, communication and cultural training, which resulted in
a successful project.
It is also important to highlight the compounding impact of the
GSE factors we identified were experienced at different levels with-
in the organizations researched. In each case study senior manage-
ment had unrealistic expectations of what could be achieved, as the
true cost of implementing their respective GSE strategies were not
determined or the implications understood. This resulted in unreal-
istic expectations, which placed undue pressure on the projecte Tools Fear
on Culture Trust
l Support Teamness True Cost
tion Visibility Reporting Requirement
ion Information Management Process Management
Global Software Engineering Teams, Inform. Softw. Technol. (2012), http://
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25 May 2012managers to deliver unachievable financial and productivity re-
sults. This pressure was passed down to team leaders and team
members. This was exemplified in the third case study where the
remote team members due to their cultural background agreed to
undertake large amounts of additional work. This resulted initially
in remote team members working extensive levels of unpaid over-
time. When that level of work was no longer sustainable they left
the organization. It was only after a prolonged period of time, when
the sustained high attrition rate was investigated that this emerged
as a key reason for the extent of the problem. Given their cultural
background, the overworked remote team members would rather
leave the company then communicate their inability to meet unre-
alistic expectations. The loss of these experienced engineers had a
direct negative impact on productivity, knowledge transfer and
themotivation of the teammembers at the remote location. As a re-
sult projects which were already behind were hindered further and
revised deadlines were missed and further cost overruns incurred.
Each of the 25 GSE factors identified had a negative and com-
pounding impact on the projects researched. Without the ability
to effectively communicate and the correct use of tools to facilitate
it, teams could not be successfully established, limited knowledge
transfer took place and without corrective action projects could
not be productively undertaken and managed. Temporal issues
negatively impacted on communication, coordination, control and
visibility. It also inhibited the development of relationships, trust,
cooperation and teamness along with other factors. The lack of
understanding of cultural difference compounded all of these fac-
tors and each factor had its own compounding impact. As case
study 2 highlighted it was only when the negative GSE factors
and their compounding impact were recognized and addressed that
effective project management could be undertaken. In this case it
resulted in a multimillion dollar project, which was failing being
successfully turned around and delivered. As each of our studies
showed, without effective technical support, team selection, clear
definition of roles and responsibilities, skills management, process
management, risk management, reporting and information man-
agement the success of GSE projects can be seriously impaired. Spe-
cific knowledge of each of these factors in the GSE setting is
essential and their compounding impact needs to be understood
and addressed.
In summary, implementing GSE is not an easy task, and many
software teams continue to experience difficulties when they are
required to work as a global rather than a local team. Having iden-
tified a comprehensive list of relevant factors from both direct
experience with industry and the literature we are in a position
to develop the GT process area (in Section 6) but first we present
a rationale for developing the GT process area through a discussion
of the threats which exist if GSE is not implemented correctly
(Section 4).570
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5854. Establishing Potential Threats
This section on potential threats relates to risks associated with
GSE and answers our first research question, ‘‘What are the threats
faced by global software project teams if they do not implement GSE
processes correctly?’’ This provides a rationale for the development
of the GT model presented in Section 6. The threats identified draw
on the analysis of our empirical work and the literature reviews
(Section 3).
While we cannot guarantee that implementing GT processes
will reduce or eliminate the increased risks associated with GSE,
we point out that if nothing is done to address problem areas
(identified as such in the literature and in the empirical evidence),
the project remains under threat of failure. It is important thatPlease cite this article in press as: I. Richardson et al., A Process Framework for
dx.doi.org/10.1016/j.infsof.2012.05.002global project managers understand that ignoring GSE issues could
threaten the success of GSE projects.
4.1. Identification of Threats
As illustrated in Fig. 1, potential threats were identified through
an analysis of the literature and our empirical work [9,48,69],
where we looked at the problems organizations were facing in
GSE (e.g. [17]) prior to looking for solutions. The new practices in
the Global Teaming model therefore grew from recognizing the
problems that organizations face. By including the threats, organi-
zations are in a better position to assess the associated risk and
may be more motivated to implement the new practice.
4.2. Potential Threats
For consistency, we discuss potential threats to GSE under the
headings that directly relate to the GT process area specific prac-
tices (presented in Section 6).
4.2.1. Threats to Successful Global Task Management
In the software industry, a team structure should facilitate the
successful management, coordination and operation of teammem-
bers so that they produce the required software artefacts [61].
Managers need to consider the size of their global team as team
size can directly impact the operation [70], as can the number of
members situated at specific geographical locations. Team mem-
bers may feel that if larger groups of developers are located in
one or more remote geographical sites all the work may be central-
ized in these locations. This can threaten productivity due to feel-
ings of alienation and fear for the future of their jobs, particularly
for team members based at the location from which the work
has been outsourced [71]. Additionally, management at one
location may have responsibility for both their local and remote
locations [71]. A structure shown to reduce this problem is the dual
reporting to management where each location can report directly
to a manager based at their site, who in turn can report to the re-
mote manager [61]. This will reduce the threat that a manager may
give undue priority to their own divisional or organizational needs
rather than the requirements of the full global team and the
specific project on which they are working [61].
Task allocation can vary widely. Research by Smite [65] shows
that the variety of collaboration models can be substantial. Thus,
GSE can lead to increased risks [61,67] especially when organiza-
tional boundaries are crossed. For example, some aspects of a
software application if outsourced could compromise the organiza-
tion’s competitive advantage [61], This is because the remote
teams or organization that is outsourced to (the vendor) must be
trusted with the intellectual property (IP) of the organization
who owns the code. Knowledge sharing and code sharing requires
that all parties understand and keep to their contractual agree-
ments relating to IP, while maintaining the overall business
objectives.
To mitigate each of these threats, the subpractices ‘‘Determine
team and organizational structure between locations’’ and ‘‘Deter-
mine the approach to task allocation between locations’’ have been
included within Specific Practice 1.1, Global Task Management.
4.2.2. Threats to Successful Knowledge and Skills Management
Cost advantages of GSE can be leveraged by integrating lower
cost labour with higher cost communications. Employing a team
or team members in another country allows access to a wider cus-
tomer base and associated local knowledge. An example of this
benefit is where the local team understands the fiscal policy within
their home country. However, if the reason for undertaking GSE isGlobal Software Engineering Teams, Inform. Softw. Technol. (2012), http://
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25 May 2012not fully realized then there is a threat that the potential compet-
itive advantage will be lost.
Socio-cultural factors can affect global teams and increase risks
[72,73]. For example, some cultures do not promote individual
responsibility and accountability and some cultures accept most
suggestions without much discussion [61]. In these situations,
individual team members are often required to communicate and
work with people who they do not know and whose cultures they
may not understand [74]. They are expected to use communication
tools such as instant messaging, audio conferencing and video con-
ferencing, many of which are synchronous. Teams may be required
to work across time zones, where synchronous communication
could impose on personal time. A common practice is for those
at an outsourcing/offshoring location to schedule all conference
calls to suit their local teams’ core times. We have seen that a poor
understanding of the socio-cultural requirements of the sub-teams
can result in misunderstandings, thus threatening the positive
effect that GSE should have for the business [13,14].
Permanently inconveniencing remote staff will add to their
level of dissatisfaction. This also increases the probability that
overworked, trained and competent staff will seek positions else-
where and leave the organization [8]. In the collocated setting
the culture of the team can remain below everyday consciousness
and only becomes obvious when contrasted with different cultural
norms, values and assumptions in GSE teams.
A further threat to GSE is that management may not recognize
that, to succeed, there must be effective knowledge transfer and
training provided for GSE teams [14]. A lack of domain specific
knowledge and experience could undermine the developers de-
spite having the appropriate academic background to undertake
their respective roles and responsibilities. Furthermore, a lack of
domain knowledge transfer can result in those who understand
the domain becoming overwhelmed by requests from remote sites,
and can cause a breakdown in communication. An example of the
importance of recognising domain expertise is shown in a case
study of coordination implications of software architecture in a
global software development project carried out by Avritzer et al.
[75]. In Avritzer et al.’s case study, Siemens found that there was
a danger of central domain experts becoming overwhelmed by re-
quests from remote sites. However, they overcame this communi-
cation bottleneck by structuring global software development
projects to take advantage of domain expertise located in remote
sites. By doing so, they created a more scalable environment,
where making use of the specific expertise in remote sites relieved
the central site experts who could then focus on the distribution of
important tasks to remote sites.
While often seen as a recovery strategy or a team initialization
strategy, training practices successfully implemented in a collo-
cated situation may not be successful in a global environment.
The most effective method for the provision of global team training
is onsite and face-to-face training [61,76]. This ensures that the
training needs of the team members can be directly assessed and
provision made to address individual requirements.
Given these threats, we include the subpractices within Specific
Practice 1.2, Knowledge and Skills Management: ‘‘Identify business
competencies required by global team members in each location’’,
‘‘Identify the cultural requirements of each local sub-team’’, ‘‘Iden-
tify Communication Skills for GSE’’ and ‘‘Establish relevant criteria
for Training’’.
4.2.3. Threats to Successful Global Project Management
Global project managers are required to do the tasks of the local
project manager, but must also plan, facilitate, implement and
monitor global communication, coordination and related activities
with effective policies and procedures. Project Managers will often
be based remotely from their team members and may not have thePlease cite this article in press as: I. Richardson et al., A Process Framework for
dx.doi.org/10.1016/j.infsof.2012.05.002opportunity to see the contribution of each team member first-
hand. The project manager may not have a good grasp of each
member’s skills, knowledge and how they contribute to the pro-
ject. The threat here is that competent people in the distributed
location may agree to undertake unrealistic amounts of work
[77]. This can be attributed to their respect for more senior people
and their reluctance to say ‘no’ (for cultural reasons) to requests
from a superior [2,78]. This can have serious implications for the
individuals and ultimately the projects involved and is only sus-
tainable in the short term given the level of effort required [43].
Effective partitioning and allocation of work across the GSE
team must be addressed. This can be achieved by implementing
one or more different approaches for task allocation [2]. Partition-
ing can be component based [68] or lifecycle based [65]. There is a
threat that opportunities for making the best use of a global team
could be lost if the most appropriate partitioning of tasks is not
investigated, recognized, planned and implemented.
Project managers must recognize and understand the cultural
needs of the global software team. Culture may differ according
to the following areas: organizational, geographical, national, reli-
gion, gender and power distance [79]. Attitudes can be further
reinforced by religious belief and by the legal system. For example,
some menmay have problems reporting to women team leaders or
managers, e.g. on religious grounds, a male project manager from
the Far East would not work with a female project manager from
Ireland [9]. Some organizations consider that their corporate
socializing process is adequate to address the cultural issues which
arise when managing a GSE team. However, where there are major
differences between corporate and national cultural norms, this
socialization is generally not sufficient [55]. A lack of respect for
cultural differences can negatively impact communication and
trust and will adversely affect the project.
Teamwork is a cooperative activity and the project manager
must establish an effective cooperation procedure within the glo-
bal team to reduce threats to the project. Effective coordination en-
sures that adequate planning is carried out and the required
resources are provided to undertake GSE [1,55]. Global distance
negatively impacts the level of cooperation and coordination
[1,6] between global team colleagues.
The project manager needs to be aware of how the project is
progressing. In the global team, there is rarely the opportunity
for informal updates. In some cultures where often the objective
is to avoid conflict at all costs, to disagree may be considered impo-
lite [61]. Organizational hierarchy can take priority and may be
adhered to strictly. In some Far Eastern cultures requests and
instructions are accepted without question if they come from a se-
nior figure [80]. Without implementing formal reporting struc-
tures, there is a risk that the remote team may not report
correctly, due to cultural differences and misunderstandings. The
related threat here is that global team members may accept tasks
which they are poorly equipped to perform. However, implement-
ing formal reporting structures can have some negative effects. For
example, implementing rigid formal reporting structures can
threaten the free flow of ideas and interactions between manage-
ment and team members [48].
Risk management should be incorporated into all well planned
software projects. Globally distributed global team projects carry
additional exposure to risks which are associated with managing
a culturally diverse global team [61]. Managing a global team has
an additional risk if there is a lack of information among local team
members concerning the culture of remote staff as identified by
some Far Eastern cultures’ revering of hierarchy [2,61]. This
manifests itself in a number of ways, often resulting in them not
expressing a negative opinion and constantly agreeing to under-
take additional work. Without an appropriate risk management
strategy organizations may encounter problems with require-Global Software Engineering Teams, Inform. Softw. Technol. (2012), http://
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25 May 2012ments, feature volatility, unrealistic schedules, budgetary over-
runs and personnel associated problems [14] as well as cultural
misunderstandings [2,61]. A lack of risk awareness can threaten
the success of the project as a whole [17].784
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8264.2.4. Threats to Successful Operating Procedures
For successful GSE, an effective and defined conflict manage-
ment strategy should be implemented [2,61]. Some types of con-
flict are open and easy to recognize. Trust is more difficult to
establish due to lack of socialization [53]. Fear of jobs being out-
sourced to remote locations can create conflict. Conflict and a lack
of trust can create a ‘them and us’ culture which can lead to unco-
operative and obstructive behaviour [81].
Effective communication is key to the successful operation of
global teams [2,61]. Good communication facilitates dissemination
of relevant information. The communication process is hampered
by global distance. Loss of face-to-face contact and the need to rely
on asynchronous tools can negatively impact on communication
levels [1]. This then impacts on the amount of information that is
transmitted between global team members.
Global teams require information about basic issues such as lo-
cal time and public holidays, e.g. knowledge of a team member’s
appearance, personality and preferences; whilst such details may
be taken for granted in a collocated environment, they are not al-
ways clear when dealing with remote colleagues. Project managers
should be aware that, if communication is made too difficult, there
is a threat that important information relevant to other global
teammembers may not be shared until it is too late to recover pro-
ject difficulties. A lack of knowing when and how to communicate
with team members can adversely impact the project schedule.
Poor communication will lead to inefficiencies, de-motivated team
members, conflict and blame [53]. A poor communication interface
could delay projects on a day to day basis, e.g. members of teams
may not know how and when they will receive inputs to, distribute
outputs from and complete work products.
Some employees may not be comfortable participating in meet-
ings held via audio or video, particularly if they have not had the
opportunity to meet their global colleagues face-to-face. Project
managers may need to change how they conduct shared meetings.
When hosting a meeting, many GSE companies circulate minutes
to all attendees, articulating what was agreed at the meeting.
Although this is an extra overhead, it pays to keep track of agreed
work. Important contributions may be missed if team members do
not have the confidence to voice concerns or ideas. If meetings are
not minuted and circulated it may be impossible to track agreed
actions.827
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8414.2.5. Threats to Successful Collaboration between locations
Poor collaboration between locations will threaten the project
as global team members do not readily consider themselves to
be part of a single global team. Therefore, effort should be made
to ensure that the team work together, not only on the develop-
ment of the software project, but also, as developers of the pro-
cesses used within the team.
Goals and objectives should be agreed and understood by all the
team members, regardless of location. Team members can then
focus on meeting these goals. Resulting successes should be mea-
sured by the team’s accomplishment [14]. To actively foster this
approach, the global team must be seen as an entity in its own
right and, regardless of the location, performance should be judged
and rewarded accordingly. Success should never be measured by
the achievements of members at one geographical location. There
is a threat that a lack of shared goals and objectives may result
in poor teammotivation, poor productivity and a ‘them and us’ cul-
ture [82].Please cite this article in press as: I. Richardson et al., A Process Framework for
dx.doi.org/10.1016/j.infsof.2012.05.002A reward in one culture may not be appropriate or may even in-
sult someone from another culture. The idea that ‘money talks’ in
every culture is too simplistic [83]. Cultures place different values
on different types of rewards such as money, status and group
achievement [84]. As well as cultural diversity, the economic situ-
ation and income tax laws at each location need to be considered
when determining the form of reward provided. If inappropriate,
an intended reward may be ineffective or give offence and alienate
and de-motivate a team member [55].
Work product ownership boundaries can be defined through
the effective partitioning and allocation of work across GSE teams.
It is likely that different stages of product development will occur
at different sites [66,68], e.g. requirements changes distributed to
specific locations rather than to all sites may result in unsuccessful
product interfacing [9].
Good software practice recognizes that process ownership and
development are best placed with those who are closest to the pro-
cess [85]. A collocated process from the parent site cannot be sim-
ply exported and implemented in the distributed site [86,87].
Although common process goals should be established across loca-
tions, the input of team members at all locations should be sought,
encouraged, and valued. The process should address specific chal-
lenges associated with GSE. This will ensure relevant structures
and procedures from all sites are taken into account to achieve
agreed goals. A lack of input from distributed team members
threatens the alienation of those team members whose needs are
not met by the process and whose suggestions for improvement
are ignored [2,48,61].
Effective coordination within a distributed software project re-
quires planning and agreeing achievable milestones. In GSE, effec-
tive monitoring will help oversee ongoing progress with reference
to costs, time, productivity, quality, and risk. Provision of contin-
gencies to address potential risks should be considered and proce-
dures established to coordinate their implementation when and if
required. Effective use of synchronous and asynchronous commu-
nication tools is essential to GSE communication. Therefore, it is
important that within the commitments made, team members
explicitly include communication plans. If this does not happen,
and work is not monitored, there is a threat that the work could
adversely affect costs, schedule, productivity and quality.
The inclusion of sub-practices ‘‘Identify common goals, objec-
tives and rewards for the global team’’, ‘‘Collaboratively establish
and maintain work product ownership boundaries’’, ‘‘Collabora-
tively establish and maintain interfaces and processes’’, and ‘‘Col-
laboratively develop, communicate and distribute work plans’’
will support the mitigation of threats due to a lack of collaboration
between locations.5. Development of Global Teaming Process Area
5.1. Gap Analysis: CMMI GSE factors
To understand how GSE is supported within the CMMI for
Development process model Version 1.3 [12] we performed a gap
analysis. In our analysis of all process areas, we matched the GSE
factors identified in our previous research (Table 2), to the state-
ments in the CMMI model documentation. This is similar to the
analysis carried out by Paulk [88,89], who mapped ‘‘sentence to
sub-practice’’ when comparing ISO:9000 with CMM. Our gap anal-
ysis was carried out systematically. First, we identified synonyms
for each GSE factor. Second, we searched the CMMI model for
each GSE factor and relevant synonyms to identify whether the
factor was explicitly considered within either a process area or a
process area component, e.g. specific practices and work products.
Third, we established three GSE factor categories:Global Software Engineering Teams, Inform. Softw. Technol. (2012), http://
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CMMI.
(b) GSE factors for which there are implicit processes defined.
(CMMI recognizes that the factor is required for software
engineering, but fails to specify the process in global or dis-
tributed terms).
(c) GSE factors which are not mentioned in the CMMI.
(d) Finally, each of these three categories was catered for differ-
ently as described in the following sub-sections.
5.1.1. GSE factors explicitly identified in CMMI
When carrying out the gap analysis, we identified 3 GSE factors
which are explicitly mentioned in the CMMI (see Table 3). In
examining all CMMI Process Areas, Specific Goals, Specific prac-
tices and sub-practices we found no Process Area which took the
complexity of the GSE factors into account. However, some will
support these factors. For example, we identified that the Inte-
grated Project Management Process Area is included in the CMMI
process model, and this clearly identifies relevant project manage-
ment specific practices. However, specific GSE project882
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Table 3
Global Software Engineering Factors and Gap Analysis Results.
GSE Factor Summary of results from gap analysis
Category (a): Explicit in CMMI
Process Management Explicit Process Areas: Organizational Process
Definition, Organizational Process Focus,
Organizational Performance Management,
Organizational Process Performance
Project Management Explicit Process Areas: Project Planning, Project
Monitoring and Control, Integrated Project
Management
Risk Management Explicit Process Area: Risk Management
Category (b): Implicit in CMMI
Cooperation Establishment and maintenance of teams in
Integrated Project Management, sub-practices
contribute to cooperation: not specific to GSE
Coordination In Integrated Project Management: not specific to
GSE
Define Roles and
Responsibilities
In Product Integration, Project Planning: not specific
to GSE
Effective Partitioning In Requirements Development, Technical Solution,
Product Integration: not specific to GSE
Reporting
Requirement
In Measurement and Analysis, Quantitative Project
Management, Integrated Project Management: not
specific to GSE
Skills Management In Project Planning, Integrated Project Management:
not specific to GSE
Teamness Establishment and maintenance of teams in
Integrated Project Management, sub-practices
contribute to teamness: not specific to GSE
Team Selection In Project Planning: not specific to GSE
Tools Tools discussed in Integrated Project Management:
not specific to GSE
Visibility In Integrated Project Management, Project
Monitoring and Control: not specific to GSE
Category (c): Not included in CMMI
Communication No discussion relating to GSE Communication
Communication
Tools
No discussion relating to GSE Communication Tools
Culture Organizational rather than GSE culture included in
Organizational Performance Management
Fear Keyword not found
Information
Management
Keyword not found
Knowledge Transfer Keyword not found
Language No discussion relating to Language issues in GSE
Motivation Keyword not found
Technical Support Keyword not found
Temporal Issues Keyword not found
True Cost Cost relating to GSE not included
Trust Keyword not found
Please cite this article in press as: I. Richardson et al., A Process Framework for
dx.doi.org/10.1016/j.infsof.2012.05.002management organizational issues are not dealt with in the
CMMI, but we have added them in Specific Practice 1.3 in the
GT model: ‘‘Global Project Management’’. Within this practice,
we only note practices that relate to Project Management in a glo-
bal situation, such as allocating a ‘bridge’ person [90] to substitute
for the project manager at the remote site. What we have included
in the model are over and above the Integrated Project Manage-
ment sub-practices aimed at collocated teams, already present in
the CMMI.
Risk management is a further example of a GSE factor that is
explicitly mentioned in the CMMI. Within the CMMImodel doc-
umentation, risk management is mentioned many times, to ensure
that the user is directed to the Risk Management process area
whenever there is a risk associated with a given process. The draw-
back we identified is that there is no mention of the specific risks
associated with carrying out GSE. In fact, in the CMMI’s list of
’’typical internal and external risk sources’’, the global environ-
ment, or any similar phrase, is not included. For this reason, we
added the Identification of a Risk Management strategy as a prac-
tice within Specific Practice 1.3: Global Project Management.
5.1.2. GSE factors implicitly identified in CMMI
The second category comprises practices mentioned in the
CMMI that, according to our gap analysis, do not adequately ad-
dress specific GSE factors. As seen in Table 3, we identified 10 such
GSE factors. This observation led us to include a more detailed and
tailored version of the given practice in the Global Teaming Model.
An example of a specific practice in the CMMI that lacks a GSE
context is skills management (synonyms: competency manage-
ment, knowledge management). According to the CMMI, skills
management must be effective for efficient software development.
However, the CMMI guideline does not recognize that project
managers may be located remotely from their team members
and they may not recognize these remote employees’ skills. In
our model, this is dealt with under Specific Practice 1.2 Knowledge
and Skills Management, where, for example, there is a sub-prac-
tice: ‘‘Identify business competencies required by team members
at each location’’.
5.1.3. GSE factors not included in CMMI
The third category of 12 GSE factors we identified (see Table 3)
are those not mentioned in the CMMI. For example, there is no
mention of temporal issues (synonyms: time zones, time differ-
ence) in the CMMImodel, and this resulted in our explicitly iden-
tifying software development across global distance, where, for
example, in Specific Practice 2.1: Operating procedures, we note
the need to ‘‘Implement strategy for conducting meetings between
locations’’.908
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9226. Global Teaming Model Structure
Having completed the literature review, case studies, threat
analysis and gap analysis, we were in a position to develop the
GT model. As shown in Fig. 1, we developed the GT model to reflect
the current CMMI structure to include Specific Goals, Specific
Practices and Sub-practices. We adapt and customize this structure
as the CMMI is internationally recognized and used extensively
by industry in their Software Process Improvement activities. Gi-
ven that there is little guidance as to how to specialize the CMMI
to specific domains, we answer our RQ1 ‘‘Can our Global Teaming
research be integrated in the CMMI model?’’ by actually fitting the
GT practices to the structure (shown in this section), and then val-
idating the model (Section 6.1). The GT Model presents practices
not currently found in the CMMI by either adding new practices,
or augmenting existing practices (see Fig. 1). Although based onGlobal Software Engineering Teams, Inform. Softw. Technol. (2012), http://
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as a stand-alone set of guidelines that can be used in isolation, with
the CMMI, or with other process models.
We present the thesis that software project teams involved in
GSE need to be cognizant of the Specific Goals, Specific Practices
and the Sub-practices for GSE that we shown in Fig. 3 and in Tables
4 and 5. The GT process area should be used as a supplement to the
organization’s current process, whether this is CMMI or another
process model, where GSE is being implemented within project
teams.
As we have demonstrated, the CMMI as it stands is not suffi-
cient as a process model for GSE. Therefore, it is necessary to devel-
op a process model which supplements the CMMI to fit the global
environment. Fig. 3 illustrates that the Global Teaming process
area has two Specific Goals (SGs): ‘‘Define Global Project Manage-
ment’’ and ‘‘Define Management Between Locations’’. Each SG has
Specific Practices (SPs) and sub-practices. SG1 represents practices
required at project initiation (all specific practices are listed in Ta-
ble 4); whereas SG2 classifies practices required when the project
is operational (all specific practices are listed in Table 5). SG1
recognizes that global project management, while including tasks
that would be expected within collocated project management,
must also encompass extra tasks that exist because of the global
software engineering team. SG2 focuses on global project manage-
ment between locations. This is done through two specific prac-
tices. The first ensures that operating procedures are set up
correctly. The second focuses on collaboration between locations.
6.1. GT Model Validation
In order to answer our second research question, ‘‘Can our Global
Teaming research be integrated in the CMMI model’’ we presentedPlease cite this article in press as: I. Richardson et al., A Process Framework for
dx.doi.org/10.1016/j.infsof.2012.05.002the GT model practices as listed in Tables 4 and 5, to groups of
experts to gain some informal feedback on the model. This infor-
mal evaluation took place in two organizations that develop soft-
ware in a globally distributed environment. Ten senior managers
and project managers were given a presentation and paper copy
of the model. The experts voiced support for each of the listed prac-
tices, and some reflected that they would have benefitted from
knowing about these practices prior to moving from a collocated
development to a global development process. The experts found
the guidelines immediately accessible and easy to follow. They
were quickly able to identify areas they needed to consider in their
next projects, such as Specific Goal 2, Operating Procedures; 2.2.1:
Define how conflicts and differences of opinion between locations are
addressed and resolved: recommendation: ‘‘Set up a strategy to
handle, monitor and anticipate where conflict between remote
locations may occur. The strategy should include how conflict will
be resolved and how a person responsible for that resolution is
selected’’.
In order to gain more formal feedback as to how the model
could be improved we are currently conducting an in depth valida-
tion of the GT processes based on a Decision Support System (DSS)
we are developing. In ICGSE 2010 we piloted a subset of the
model’s recommendations with experts in the field. While the re-
sponse was mixed (especially as we did not pilot all the processes),
the general feeling was that the GT Model filled a very important
gap. Current work is continuing in developing an automated ver-
sion of the GT Model, with a complete set of recommendations
to support project managers in their GSD decisions [20].
Our future evaluation plans include implementing the model in
an organization at the start of a GSE project and monitoring the
project’s progress to the end of the project. This evaluation will
help to ensure that key practice areas in the GT Model do indeedGlobal Software Engineering Teams, Inform. Softw. Technol. (2012), http://
Table 4
Guidelines for Specific Goal 1 Define Global Project Management.
SPECIFIC GOAL 1
SG1: Define Global Project Management
SP1.1: Global Task Management
Goal: distribute tasks so that GSE advantages are leveraged and negative factors inherent to its operation are minimized
1 ‘‘Determine team and organizational structure between locations’’
Create roles, relationships and rules to facilitate coordination and control over geographical, temporal and cultural distance
Structure global team and monitor operation to minimize fear and alienation in teams
Be aware of problems with unbalanced team sizes; e.g. smaller teams may be threatened and fear job loss
Team structure should cater for possibility of dual reporting to management at more than one location, e.g. team structure could be cross divisional or multi-
organizational and management remote
Ensure that supervision, support and information needs of all team members are met regardless of location
Organizational structure should be documented and available to all team to allow a clear understanding of everyone’s roles and responsibilities within the project
2 ‘‘Determine the approach to task allocation between locations’’
Identify and document reason for working with global team
Base task allocation on the organizational requirement, e.g. if proximity to market is reason development team is located in a particular country, then customer-
related tasks should be allocated to that team
Retain tasks that require frequent communication between groups within collocated teams
Where GSE teams are subdivided into work modules (e.g. different parts of the life-cycle), management must allocate tasks based on core competencies of each
sub-team, and clearly define which stages are carried out at which location
Confidential software development activities that provide competitive advantage should be developed within organization
Related non-confidential development activities can be undertaken by external remote team colleagues
SP 1.2 Knowledge and Skills Management
Goal: Identify business competencies and skills of team so that the advantages of GSE are leveraged and the negative factors which are inherent to its operation are
minimized
1 ‘‘Identify business competencies required by global team members in each location’’
Document and define customer base and functions relative to the application being developed
Provide training to ensure that global team has required understanding of the customer base and the business functions to take full advantage of the proximity of
the team to the customer base
2 ‘‘Identify the cultural requirements of each local sub-team’’
Cultural diversity: Each team member should be trained to understand the culture of the global team. Face-to-face meetings are recommended when and where
possible, ideally at the start of the project and/or when a new member joins. Having individuals visit locations for extended periods can also be a successful strategy
and should be fully leveraged at every possible opportunity
3 ‘‘Identify Communication Skills for GSE’’
In order to develop the right practice, a new communication protocol needs to be set up. Policies should be put in place to support these new requirements to the
satisfaction of all global teammembers. For example in synchronous communication, ensure that link up times are shared between core teamworking hours in each
location
4 ‘‘Establish relevant criteria for training teams’’
Effective knowledge transfer: Carry out evaluation of training needs to include cultural and linguistic issues. Undertake training onsite and face-to-face so team
members can be directly assessed and training provision tailored to their specific requirements
SP 1.3 Global Project Management
Goal: To plan, facilitate, implement and monitor global communication and coordination of related activities with effective policies and procedures
1 ‘‘Identify GSE project management tasks’’
Define ability and potential productivity of team: Global project manager should allocate tasks and timescales that are realistic. Where possible, the project
manager should be actively involved in the recruitment and selection of team members. Failing this, they should gather all information relating to the technical and
professional experience of potential and existing team members. When teams are in place and project details reported project managers should understand and
document how individuals contribute to that project along with their skills and knowledge
2 ‘‘Assign tasks to appropriate team members’’
Assign according to one or more of three different approaches; Modularization; Phase-based approach; and Integrated approach
Modularization: partition work into modules which have a well defined functional whole
Phase-based approach: Use when phases of the development cycle are relatively independent. Ensure that the team members developing a specific phase have a
good understanding of what is required at each specific stage
Integrated approach: Set up a protocol to allow handover from one geographic location to another to ensure a successful follow the sun development
3 ‘‘Ensure Awareness of cultural profiles’’
National cultural differences should be identified and communicated to the management and teammembers. Cultural training can be communicated in following
way
Provide training to give all team members an opportunity to learn and understand about each other’s culture
Address national, religious and relevant ethnic issues, all team members should understand acceptable and unacceptable forms of behaviour
Training should be tailored to team member’s specific needs and location
Project managers should ensure that cultural profiles for teams are established. E.g. Management and staff should show respect for gender-related cultural values
of all colleagues. All employees’ legal rights must be upheld
4 ‘‘Establish cooperation and coordination procedures between locations’’
Ensure that a suitable infrastructure, process and management procedures are in place to help establish cooperation and coordination between locations.
Achievable milestones should be planned and agreed. Projects should be monitored with reference to costs, time, productivity, quality and risk
5 ‘‘Establish reporting procedures between locations’’
Regular formal reporting will help the project manager to remain aware of how project is progressing. Procedure should include and encourage team members to
report whether or not they can take on that task in the given time and report any problems before it is too late
6 ‘‘Establish a Risk Management Strategy’’
All potential risks should be identified and addressed to include: risks in misunderstanding cultural differences, misunderstanding requirements, feature
volatility, schedules, budgets, personnel. In addition, risk associated with outsourcing activities to politically unstable locations needs to be identified
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Table 5
Guidelines for Specific Goal 2 Define Management Between Locations.
Global Teaming Guidelines
SPECIFIC GOAL 2
SG2: Define Management Between Locations
SP 2.2 Operating Procedures
Goal: Set up operating procedures for effective collaboration between locations
1 ‘‘Define how conflicts and differences of opinion between locations are addressed and resolved’’
Set up a strategy to handle, monitor and anticipate where conflict between remote locations may occur. The strategy should include how conflict will be resolved
and how a person responsible for that resolution is selected
When defining the global strategy for dealing with conflict, different types of conflict have to be taken into account, for example conflict due to fear as well as
cultural differences
2 ‘‘Implement a communication strategy for the team’’
Plan, facilitate, encourage and monitor communication between teams
Provide training on how best to communicate with remote colleagues, including the effective operation of communication tools and procedures
Consider linguistic and cultural implications inherent when communicating remotely
3 ‘‘Establish communication interface points between the team members’’
Strategies need to be put in place which encourages both formal and informal reporting
Ensure that relevant team members are made aware of how and when they will receive inputs to products, needs to distribute outputs from and when complete
work products are required
Ensure teams are aware of potential constraints such as legal restrictions and holidays in countries within which they are developing the product
Ensure that Information about each team member is easily accessible by colleagues. Information of an individual’s role within the team and their specific areas of
responsibility should be combined with a photograph, their first name, surname, friendly name (if appropriate) and their preferred form of address
Intranets and wikis can be invaluable for this form of communication
4 ‘‘Implement strategy for conducting meetings between locations’’
Identify appropriate global meeting technology is used
Try to ensure all participants are comfortable with global meeting and are given opportunity to agree or disagree with points raised, and offer new ideas
Circulate agenda prior to meeting, and clearly minute actions agreed a meeting
Ensure that no delay occurs between the meeting and the circulation of minutes as people may be waiting for the minutes before implementing the actions
SP 2.2. Collaboration between locations
Goal: Develop a motivated and focused team who share a common purpose and objectives
1 Identify common goals, objectives and rewards for the global team
Global Project manager sets project goals and objectives
Goals at project level are common to all locations
Project goals and objectives communicated, understood and agreed across all team members regardless of location
The global team is viewed as an entity in its own right, regardless of the location of its team members and its performance should be judged and rewarded
accordingly
Acknowledging team success may require tailoring rewards to the needs of different cultures
Project Managers need to understand the cultural motivation of the different team members and identify and apply appropriate rewards in each situation when
and where relevant
Consideration should be given to cultural issues, economic situation and income tax laws when planning rewards
2 Collaboratively establish and maintain work product ownership boundaries
Define product ownership boundaries through partitioning of work across GSE teams
Each location should understand their role within the life cycle of the product
Each location should understand how their modifications to the product unit can affect the other locations
3 Collaboratively establish and maintain interfaces and processes
Define common process goals across all locations
Define process ownership – placing ownership with those closest to process where possible
Seek and encourage input from team members at all locations
Let team members know their input to process development and ownership is valued
Processes should address specific challenges associated with GSE
Processes should take into account the relevant structures and procedures from all sites
4 Collaboratively develop, communicate and distribute work plans
Achievable milestones should be planned and agreed
Within the commitments made, teammembers must explicitly include communication plans to include use synchronous and asynchronous communication tools
Contingency plans should be in place to address potential risks
Establish procedures to coordinate implementation of contingencies when and if required
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tional problems. We plan to use the following strategy: initially
introduce the model (goals and practices) to quality managers or
project managers, and then roll out a training programme as to
how to implement each practice. We will later revisit the organiza-
tion after an agreed period of time to assess progress or the extent
of implementation and observed changes.
Evaluating the model in this way, has created a basis for the
next phase of development, plus we have the support of several
multinational and Small to Medium sized Enterprises (SMEs) GSD
organizations who would like to be involved in future evaluations,Please cite this article in press as: I. Richardson et al., A Process Framework for
dx.doi.org/10.1016/j.infsof.2012.05.002to ensure that the model continues to be based on both empirical
and research evidence of good practices.
7. Conclusion
Many organizations have discovered to their cost that imple-
menting a GSE strategy is a complex and difficult task [6,14,56].
Extensive research in this area has identified that this is due to a
number of factors which include the nature and impact of geo-
graphical, temporal, cultural and linguistic distance [56,91]. In
addition, whether undertaken in a collocated or geographically dis-Global Software Engineering Teams, Inform. Softw. Technol. (2012), http://
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25 May 2012tributed environment, team-based software development is not
simply a technical activity. It also has important human, social
and cultural implications which need to be specifically addressed.
While the technical aspects of software development cannot be
underestimated, neither can the importance of establishing and
facilitating the effective operation of these teams.
While we have structured the GT process area to be similar to
the CMMImodel, it can either be used with other CMMI process
areas or as a stand-alone process which organizations can imple-
ment when establishing global software teams. It therefore has a
similar relationship to other CMMI extensions that have been
developed to complement the CMMI Development process model
such as +SAFE [92] and RMCM [93]. Our research supplements the
CMMI for Development model with one additional process area
for GT. The GT model adheres to the same assumptions, structure
and terminology as the CMMI. This is particularly important in
relation to GT as CMMI certification is often a common attribute
of global software development organizations.
In this paper, we focused on two research questions. In the first
instance we asked: What are the threats faced by global software
organizations if they do not implement GSE processes correctly? An
analysis of the literature and our empirical studies, found that
ignorance of associated risks can lead to a loss of competitive
advantage, practitioner de-motivation and poor quality software.
In summary, failing to implement GSE processes correctly means
that organizations are putting themselves at risk of project failure.
We also found that organizations lack support in how to imple-
ment a GSE strategy, which provided a rationale for our second
research question that looks at how to present a set of practices
for GSE teams.
Our second research question queried whether the CMMI soft-
ware process improvement structure could be used as a basis for
developing a process area to support team management in a global
software engineering environment. Having carried out the gap
analysis between the CMMI and the GSE factors identified in
our previous research, we established that there were three cate-
gories of factors within the CMMI, two of which require more ex-
plicit definitions to apply to GSE processes. Using this information
as a basis, we were able to use the CMMI structure as a basis for
the development of the GT process area. This process area can be
used as a CMMI supplement, but can also be used in conjunction
with other processes which a global software project team may
choose to implement. We have embarked on further research in
conjunction with a Financial Services company to establish how
well this process area can work within a regulated environment.
The Global Teaming process area presented in this study focuses
on the importance of establishing and managing effective software
teams in the globally distributed setting. Much of the research on
GSE has focused on understanding why there are difficulties with
implementing GSE within organizations. While this provides a
needed understanding of GSE, it is also important that we, the
GSE researchers, present industry with solutions to their GSE diffi-
culties. The Global Teaming process presented in this paper is a
step in this direction. Through its development we provide specific
goals, specific practices, sub-practices and guidelines which can be
used by industry implementing a GSE strategy. We also explain the
potential threats to GSE if these practices are not considered.
When implementing software process improvement there is a
requirement for tangible results to be achieved in a reasonable
time frame. This is particularly important to sustain the level of ef-
fort required for improvement to take place. Practitioners should
therefore find the practical guidelines provided by the GT process
area particularly helpful as they address key aspects of GSE and
discuss threats if particular practices are not implemented.
We are at the initial stages of developing the Global Teaming
model. This GT model has a foundation in Software ProcessPlease cite this article in press as: I. Richardson et al., A Process Framework for
dx.doi.org/10.1016/j.infsof.2012.05.002Improvement and the model’s future development will include a
formally validated set of GSE practices based on a longitudinal
study. We have made a start in this direction, by applying the
Global Teaming high level practices to specific implementable
practices relating to architectural knowledge management in a glo-
bal setting [19]. Our current and future work involves working
with our industrial partners to validate the Global Teaming model,
and early results indicate that all the model’s practices are relevant
to a global software organization. We recommend that organiza-
tions implementing structured processes in a globally distributed
environment should also implement the Global Teaming process
area.
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Appendix A. Grouping and Summaries of the 25 GSE Factors
The 25 GSE factors identified in our empirical study can be
grouped under four broad headings of Distance, Infrastructure,
Management and Human Factors as follows:
A.1. Distance
A.1.1. Communication
Effective communication is a key factor for the successful
operation of global teams. Good communication in the global team
setting does not just occur; it has to be planned, facilitated and
monitored. Training on how to communicate with remote col-
leagues also needs to be provided to team members and managers
at all locations.
A.1.2. Language
English is the lingua franca of the software industry the implica-
tions of dealing with remote colleagues whose first language is not
English needs to be considered and addressed. Measures should be
taken to determine the language competency of staff who are not
fluent English speakers. If there is a requirement for English lan-
guage classes they should be provided. Where linguistic difficulties
are encountered all parties need to be encouraged to request clar-
ification and steps put in place to address and if possible prevent
such issues arising again.
A.1.3. Culture
An important issue which has to be recognized and addressed
to successfully manage geographically distributed team based soft-
ware projects is the cultural diversity of global team members. If
the full implications of cultural diversity are not properly under-
stood and measures taken to address them it can have serious neg-
ative repercussions on the operation of global teams.
A.1.4. Temporal Issues
The full implications of temporal distance on the operation of
global teams needs to be considered and steps taken to leverage
its advantages and minimize its potential for negative impact.
The necessity for the reliance on asynchronous communication
tools requires due consideration. Where possible the overlap in
working hours between sites should be maximized and measuresGlobal Software Engineering Teams, Inform. Softw. Technol. (2012), http://
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25 May 2012taken to ensure that this time is fully leveraged. The full implica-
tions of the implementation of an integrated follow the sun strat-
egy has to be considered and specifically addressed.
A.2. Human Factors
A.2.1. Fear
The impact fear has on the operation of global teams is consid-
erable and should not be underestimated. This can manifest itself
in numerous ways including the desire to prevent or limit commu-
nication with remote colleagues. In some instances the objective
can be to directly hinder the work of these remote colleagues.
Our research has highlighted the severity and persistence of these
types of problems which did not decrease with time. The implica-
tions fear has on the operation of global teams should never be
under estimated. It needs to be recognized, understood and specific
measures put in place to address and prevent its potential for neg-
ative impact.
A.2.2. Motivation
A key factor in the successful operation of global teams is moti-
vation. Geographical and temporal distance negatively impact on
the motivation of global team members. This is due to the prob-
lems which arise when developing working relationships in an
asynchronous environment. It is equally difficult to be motivated
to cooperate and support remote colleagues who are often per-
ceived as about to take the jobs of those at the location where
the work is being outsourced/offshored from. These issues all neg-
atively impact on the level of motivation of team members.
A.2.3. Trust
A related factor in the successful operation of software testing
teams is the establishment of trust. In a global environment it
can be difficult to develop and maintain trust between remote
team members. Numerous factors come into play, which include
the lack of opportunities for the development of personal relation-
ships between remote team members. These can be compounded
by cultural, linguistic, motivation and fear related issues.
A.2.4. Cooperation
Teamwork is a cooperative activity and without cooperation
teams cannot operate effectively. Like so many other factors which
are essential for global teams, distance negatively impacts on the
level of cooperation that takes place between remote team col-
leagues. The reality is that team members must be motivated to
establish effective cooperation with their remote colleagues. Like
so many other factors outlined in this list of 25 GSE factors, numer-
ous issues directly mitigate against the establishment of coopera-
tion in the global team environment. In these circumstances
from the project management perspective cooperation between
team locations has to be developed, established and effectively
managed.
A.3. Management
A.3.1. True Cost
It is imperative that the true cost of global team operation be
determined and outlined to all the relevant parties. A key factor
in the selection of a global team strategy is to leverage the poten-
tial benefits of labour arbitrage between geographical locations.
The reality is that the cost difference in salary levels between sites
is not in fact the true cost. There are additional factors which in-
clude operational, management, training, travel and productivity
costs which need to be factored in. This ensures that unrealistic re-
turns are not anticipated and sustained management support is
provided for the implementation of a global team strategy.Please cite this article in press as: I. Richardson et al., A Process Framework for
dx.doi.org/10.1016/j.infsof.2012.05.002A.3.2. Project Management
To implement a successful global team strategy, all the factors
that impact on the operation of collocated software projects come
into play and need to be addressed by effective project manage-
ment. There are also additional global team factors which require
specific attention. In these circumstances it is clear that a collo-
cated project management approach is not adequate and the
development of a global team project management strategy is
required.
A.3.3. Risk Management
The implementation of a global team software development
strategy to undertake organizational mission critical activities is
a risky endeavour. There are micro- and macro-risk elements
which need to be carefully assessed and addressed. Micro-risks
can often be correctly determined and alternative strategies put
in place to mitigate their potential impact. Macro-risks on the
other hand may not even be considered. These include political risk
and the implications of an inadequate understanding of the culture
of staff at other locations and the negative impact of implementing
inappropriate strategies which can result.
A.3.4. Defined Roles and Responsibilities
It is important that roles and responsibilities for all team
members should be clearly defined, articulated and effectively dis-
seminated. This should be supported by a clearly defined common
vocabulary that is understood by all team members. This vocabu-
lary needs to cover areas such as activities, tools, the process, mile-
stones deliverables and artefacts.
A.3.5. Team Selection
The selection of global team members needs to be based on the
technical requirements of the project. The Project Manager re-
quires direct access to information regarding potential team mem-
bers’ academic, technical skills and experience. When relevant,
‘linguistic capability’ needs to be determined and given due con-
sideration. When all team members have been recruited, their
training requirements (regardless of location) need to be evaluated
and addressed.
A.3.6. Effective Partitioning
The effective partitioning of tasks across team members and
sites is a very important aspect of an efficient global team opera-
tion. In these circumstances three strategies may be considered
to effectively partition work. They are modularized, phased or an
integrated approach. Each has their own distinct advantages and
disadvantages, but their selection is often dependant on the nature
of the work being undertaken or and the physical location of tools
or specific skill sets.
A.3.7. Skills Management
To facilitate effective global team operation the technical capa-
bility and skill level of all global team members needs to be made
available to the Project Manager. This information should be pre-
sented in a format that can be understood, easily maintained and
efficiently accessed. There is also the requirement for an effective
mechanism and procedure for all team members to be able to ac-
cess and identify relevant technical and subject matter experts.
A.3.8. Knowledge Transfer
Effective knowledge transfer is a key activity when establishing
and operating a global team. Adequate training measures and
methods need to be implemented to ensure this activity is suffi-
ciently supported and carried out. A procedure to evaluate the
effectiveness of knowledge transfer activities should be put inGlobal Software Engineering Teams, Inform. Softw. Technol. (2012), http://
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25 May 2012place. Based on the results achieved the provision of further train-
ing and support should be made available, if and when required.
A.3.9. Coordination
Distance directly negatively impacts on the effective coordina-
tion of global teams. Specific measures are required to address
the issues this raises. Effective coordination ensures that adequate
planning and the required resources are provided to undertake the
necessary tasks. This includes ensuring that suitable infrastructure
and processes are in place to carry out the work. Successful coordi-
nation also requires that achievable milestones are planned and
agreed. There is the need for effective monitoring to be put in place
to oversee ongoing progress with reference to costs, time, produc-
tivity, risk and quality.
A.3.10. Visibility
Due to the loss of informal contact and temporal and geograph-
ical distance visibility is directly hampered by the operation of glo-
bal teams. There are two aspects to visibility. The first is that roles
and responsibilities need to be clearly articulated and understood
by all the relevant parties. As outlined when discussing the defined
roles and responsibilities factor this is best supported by the use of
a common vocabulary. The second aspect is to ensure there is
adequate visibility into the process to monitor team effort and per-
formance and to determine project status.
A.3.11. Reporting Requirement
Given the requirements of the global team environment and the
impact it has on visibility there is a need for the establishment of
an effective reporting schedule. Adequately detailed and timely re-
ports are required to provide effective visibility into the process.
There is also the need (where relevant) for these reports, or
summaries to be communicated to all team members at regular
intervals to outline the progress of the project.
A.3.12. Information Management
A key component in successful global team operation is the dis-
semination of relevant information between team members. As
with the other factors outlined in this section information dissem-
ination is negatively impacted by distance. The loss of face-to-face
contact and the need to rely on asynchronous communication all
impact on the level and quality of information that is available
and transmitted between sites. There is the specific requirement
for the availability of relevant information regarding team mem-
bers, remote locations i.e. public holidays, project procedures,
activities and project status.
A.3.13. Teamness
Within the global team context there is a clear need for the
development of a one team approach. Teamness is based on team
member relationships that facilitate the development of mutual re-
spect and trust. This leads to the development of a cohesive moti-
vated team that sees itself as a single unit regardless of its
members’ location. This is achieved through the establishment
and maintenance of a shared common vision, goals, and objectives.
Teamness has to be fostered, developed and effectively managed.
A.4. Infrastructure
A.4.1. Process Management
A process which directly addresses the specific requirements of
the global team environment needs to be developed and imple-
mented. Such a process needs to be documented and stored in a
format that can be accessed from all the relevant team locations.
Adequate training on the operation of the process should be pro-Please cite this article in press as: I. Richardson et al., A Process Framework for
dx.doi.org/10.1016/j.infsof.2012.05.002vided to all team members. Shared ownership of the process
should be fostered between team members across locations.
A.4.2. Tools
Where possible the selection of standard development and
problem reporting tools should take place across locations. This
insures the validity of the development process and the compati-
bility and interoperability of artefacts produced. The provision of
and use of effective Configuration Management (CM) tools and a
well-documented CM procedure is also essential for efficient team
operation in the global environment.
A.4.3. Technical Support
The issue of technical support requires particular consideration
in the global team environment. When tools are distributed across
a number of geographical locations the issues of who and how
technical support will be provided needs to be considered. Specif-
ically the geographical locations covered by warranties and service
agreements should be identified and addressed to ensure that all
team member locations are adequately covered.
A.4.4. Communication Tools
An adequate selection of synchronous and asynchronous com-
munication tools should be provided to allow effective communica-
tion to take place between teammembers regardless of location. An
important aspect of the provision of such tools is to ensure staff are
motivated and trained to leverage their capabilities.
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